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Abstract 
Urinary cadmium (UCd) is an indicator of the long term exposure of human health. The objective of this research was to study 
UCd of people aged between 9 to 12 and 13 to 15 years old in both sexes in Prathadpadeang, in Mae Tao and Mae Ku. 849 urines 
were collected, and determined by using the ICP-MS. The results revealed that 64.30% had UCd less than 1μg/gCr. XUCd in 3 
Sub-districts were 0.132Pg/gCr in Prathadpadeang, 0.141Pg/gCr in Mae Tao, and 0.105Pg/gCr in Mae Ku. The difference in the 
3 Sub-districts was significant. XUCd were 0.125Pg/gCr and 0.129μg/gCr in boys and girls, and 0.119 Pg/gCr and 0.135μg/gCr in 
age group 9–12 and 13–15 years old. © 2009 Elsevier B.V. All rights reserved. 
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1. Introduction 
 
Mae Sot Sub–district is located in Tak Province, in the north of Thailand, which is in a mountain area between 
Thailand–Myanmar. One of Sub-districts in Mae Sot named Prathadpadeang is the rich in zinc. In 1977, zinc mining 
was established in Prathadpadeang Sub-district which is upstream of Mae Tao creek. This creek is used for 
agriculture which covers 13,200 rais (x 1,600 m2) of paddy fields affecting 12 villages with a total population of 
12,075 [1].  
Cadmium is a by–product and released into the environment through zinc mining. Mae Tao River and Mae Tao 
Creek are the main sources of water supply used for agriculture, and has been affected from zinc mining. Cadmium 
is transferred to human body via the food chain; plant to soil; soil to animal; animal to human [2]. The aged group 
between 15 to 60 years old, and lived in the contaminated areas were investigated for cadmium in urine. The result 
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illustrated the 3 levels of concentrations, where it less than 2 ȝg/g Cr was 45.60 %; 2–5 ȝg/g Cr was 4.90 %, and 
more than 10 ȝg/g Cr was 2.30 % [1]. Cadmium level in urine is considered to be a good indicator of body burden 
after long term exposure. Cadmium is damage destruction into many human organs and systems such as the kidney 
as a low molecular weight proteinuria [3], and is the main targeted organ to cadmium [4]. Skeleton system i.g. itai – 
itai disease (Kobayashi et al., 2008), Kidney respiratory system (Coelho et al., 2007), reproductive system [5], 
cardiovascular effect, lung disease, and carcinogen [6, 7] are also health problems due to cadmium exposure. This 
study focused on to investigate of the cadmium levels (UCd), which is a biomarker of long term exposure of both 
sexes in people aged 9-12, 13-15 years old living in 3 Sub-districts namely Prathadpadeang, Mae Tao and Mae Ku. 
 
2. Materials and Methods 
The study design of research was a cross - sectional analytical analysis. The protocol and the survey instruments 
were approved by the Institutional Review Board of Naresuan University. The population (849) were the children 
who were born between January 1, 1993–December 31, 1999 and lived in 12 villages of 3 Sub–districts, 
Pathadpadeang, Mae Tao, and Mae Ku, Mae Sot District, Tak Province. The population was divided into 2 groups; 
Group 1; aged 9 – 12 years old (born during January 1, 1996–December 12, 1999), and Group 2; aged 13–15 years 
old (total mean of 13–15 years old = 14.07) were born during January 1, 1993-December 12, 1995. 
   
 
Table 1 The amount of urine samples collected to UCd in 3 Sub–districts in terms of gender, 
group of age and village. 
 
 
Sub – district  
Prathadpadeang 
Sub - district 
Mae Tao 
Sub - district 
Mae Ku 
Sub – district 
Total Item 
n % n % n % n % 
1. Gender 
 Boy 93 21.78 164 38.41 170 39.81 427 50.30 
 Girl 98 23.22 161 38.15 163 38.63 422 49.70 
 Total 191 22.50 325 38.30 333 39.20 849 100.00 
2. Group of age 
 9 – 12  
years old 
127 21.17 233 38.83 240 40.00 600 70.70 
 13 – 15  
years old 
64 25.70 92 36.95 93 37.35 249 29.30 
 Total 191 22.50 325 38.30 333 39.20 849 100.00 
Total mean of 9 – 12 years old =10.58 and 13 – 15 years old = 14.07 
      
 
 
Urine was collected in a polypropylene container, and immediately preserved by 65% concentration of double 
distilled nitric acid in a ratio of 10 :1 (urine sample :nitric acid). A polypropylene bottle was cleaned by distilled 
water for 24 hrs, rinsed and submerged with 10% HNO3 for 24 hrs and aspirated and cleaned again by 18 Mȍ DI 
water overnight. The concentration of standard solutions ranged from 100, 50, 20, 10, 5, 1, 0.1 and 0.01 ppb. The 
diluent  (5 ȝg/L of  Rh and Ir) was pipette at 0.50 μl of 1000 ppm, added 30.00 mL of 2.00% of double distilled – 
HNO3, then, adjusted by 18 Mȍ DI water to 1000.00 mL, and finally stored at 4 - 8 oC. Finally, urine sample was 
prepared by adding 9000 μl of diluent, 900 μl of 18 Mȍ DI water, and 100 μl of urine, then, centrifuged at 3500 
rpm for 10 minutes, and aspirated to a 10 ml sample tube. Data were computed by SPSS PC+v 14. Data were 
analyzed in two ways; Descriptive statistics (frequency, percentage, mean, and standard deviation); Analytical 
statistics (Independent t – test, and ANOVA)  
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3. Results 
In terms of the concentration of UCd, the girls (X= 0.129 μg/gCr) was slightly higher than the boys (X= 0.125 
μg/gCr), and the difference was not significant at a level of 0.05 (P.05 = 0.61). The UCd of children 13–15 years old 
(X= 0.135 μg/gCr) was higher than those who were 9–12 years old (X= 0.119 μg/gCr), the difference was not 
significant at a level of 0.05 (P.05 = 0.00). Mae Tao had the highest mean of UCd concentration (X=0.141 μg/gCr), 
followed by Prathadpadeang (X=0.132 μg/gCr), and then by Mae Ku (X=0.105 μg/gCr). In addition, the difference 
of urinary cadmium concentration among the 3 sub-districts was significant at 0.05 level (P=0.00). Concerning a 
pair comparison among 3 Sub–districts, both Prathadpadeang and Mae Tao sub-districts were significantly different 
from Mae Ku with the significant level of 0.05.  
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Fig. 1. The average of UCd (μ /gCr) in population age 9-15 years in term of gender  
(X total mean of UCd of boys = 0.123 μg/gCr,  
X total mean of UCd of girls = 0.128 μg/gCr. P.05 = .61) 
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Fig. 2. The average of UCd (μ /g Cr) in the population 9-15 years old in term of age  
(X total mean of UCd of  9 – 12 years old = 0.135 μg/gCr,  
X total mean of UCd of 13 – 15 years old = 0.128 μg/gCr. P.05 = .73) 
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Fig. 3. The average of UCd (μ /g Cr) in population aged 9-15 years old in 3 sub–districts  
(X total mean of UCd =  0.127 μg/gCr, P.05 = 0.00) 
4. Discussion and Conclusion  
 
Mae Tao had the highest concentration of UCd concentration. The UCd in girls was greater than in the boys. 
The UCd differences were not significance between the genders. In terms of age, the mean of UCd in children aged 
13 – 15 years old was higher than in the 9–12 years old. The UCd children between 2 groups were not significant 
difference. The highest concentration UCd was found in subjects who are living in Mae Tao. Prathadpadeang 
(upstream of the zinc mining) should have had the highest concentration of cadmium.  Mining activities located in 
Prathadpadeang is in the upper reaches of the Mae Tao creek which have caused severe environmental changes. The 
waste water of mining and refining drained directly into the Mae Tao creek, which severely contaminated the soils 
along the river. In the Mae Tao sub district, all of the 6 villages were polluted by the Mae Tao River and Mae Tao 
Creek. Only 2 villages (village 3 and 4) and the part of village 1 of Prathadpadeang, and only 1 village (village 8) of 
Mae Ku were directly affected by zinc mining. Thus, people who were living in the Mae Tao area might be more 
exposed than people who were living in Prathadpadeang and Mae Ku by eating the local plants, animals, and meat 
produced in the contaminated areas which are the main factor for cadmium exposure to humans. As the highest 
coefficient (1.0–10.0) of Cd is directly absorbed by plant root and accumulated in plant producing in this area [8].  
Both genders (p >.05) and age (p > .05) were not different significantly. The experimental data suggests that 
girls are more susceptible to cadmium exposure than boys, because of the increased gastrointestinal in taking of 
cadmium of low iron stores, which is common in women of childbearing age [9, 10, 11]. According to [12] showed 
that the levels of cadmium and lead in the serum were significantly higher in children with IDA than those of 
controls In addition, children with low serum ferritin levels had statistically higher blood cadmium levels and a 
tendency for higher blood lead levels, indicating increased gastrointestinal absorption of these metals because of 
reduced iron stores [13]. Many factor influence cadmium bioavailability such as inadequate iron intake and 
absorption e.g. low intake of animal products, ascorbic acid inflammatory, rapid growth and increased weight, iron 
requirements or loss (parasitic infection) may be caused by iron deficiency [14].  
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